Abstract-In this paper, an operator based nonlinear control system for a Polymer Electrolyte Fuel Cell (PEFC) reformer is proposed. Firstly, structure of the reformer is introduced and modeled. Secondly, an operator based nonlinear control system for the reformer is designed by using the model, and the desired performance of temperature tracking is discussed. Finally, the effectiveness of the proposed control system is confirmed by simulations.
I. INTRODUCTION
A great deal of effort has been expended for developing fuel cell technology due to scarcity of the global energy source. Recently, much of attention has been paid to fuel cell dynamics and control. In this paper, refonner temperature control of a Polymer Electrolyte Fuel Cell (PEFC) power generation system is concerned, and the controller design is based on an operator based nonlinear feedback control theory.
Fuel cell technology is a new energy-saving technology to generate electrical power. For example, the PEFC power generation system is now being developed as one of the future power generation systems for home and business use in a small scale. The systems are expected to save natural resource and CO2 emission reduction recently. Fuel cell can generate clean energy because it generates the power at the progress of water generation by a chemical reaction between hydrogen and oxygen. However, in general, hydrogen is difficult to store and distribute. Moreover, consecutive supply of hydrogen is necessary to continue power generation. Therefore, these problems are solved by a catalytic reactor called a reformer that refonns hydrocarbon fuel to obtain refonned gas including in rich hydrogen. Here, it is necessary to keep composition of the refonned gas stably for continuous and stable power generation for a long period. For that reason, the catalytic temperature of the reformer must be kept stably.
In previous studies, the refonner was controlled as a linear model in the frequency domain [1] . However, this method has problems not to know the state in the plant. In this paper, mod eling in the time domain about the refonner and an operator based nonlinear feedback control system including a tracking controller are considered [2] , -, [6] . Namely, the system is perfonned two stages of control which the control object is stabilized firstly, and then the tracking controller is designed by the operator based nonlinear feedback control theory. The effectiveness of the system is confirmed by simulation. The outline of this paper is organized as follows. In Section II, the struction and the model of the reformer are introduced. The proposed system of temperature control is discussed in Section Ill . In Section N, simulation results are shown. And the effectiveness of the system is confinned. In Section V, conclusion of this paper is explained.
II. THE REFORMER

A. Structure of the reformer
The following steam reforming reaction is caused by a reforming catalyst, and the refonner gets hydrogen. The chem ical reaction formula is shown as CnHm + nH20 -7 (n + mj2 ) H2 + nCO.
(1) Then, it is necessary for continuous and stable power gen eration for a long period to keep composition of the re fonned gas stably. For the reason, it is necessary to keep the catalytic temperature in the refonner stably. And to remove CO produced with hydrogen, CO density is reduced by CO anamorphism catalyst filled after the reforming catalyst. The chemical reaction formula is shown as (2) B. Modeling
For the modeling of the reformer, the heat balance of the catalyst bed is considered. According to the definition of dynamics, dynamics of the reformer is described following equation (3) [7] . And, dynamics of the quantity of heat transfer to the catalyst bed is shown as (4) . The definitions of the parameters are shown in Table I .
Substitute (4) into (3)
w w where, T l and K, K l are shown as (7), (8), (9)
w w
(8)
Equation (4), which is a inhomogeneous differential equation is defined homogeneous differential equation.
Thus, the general solution of (10) is shown as (13)
Here, based on the general solution of homogeneous (13), the solution of the inhomogeneous (6) is used to find by the method called variation of parameters.
(15 )
Because (15 ) is a solution of (10), it is shown as (18)
Substitute (17) and (18) into (6)
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where, C* is a constant of integration.
III. NONLINEAR CONTROL SYSTEM DESIGN USING RI GHT COPRIME FACTORIZATION 
S N +RD = I
Then, the stability of the system is guaranteed. 
The operator based nonlinear feedback control system is designed. The plant operator P is shown as For the reformer, the right factorizations Nand D-1 are shown as (26) (27) S ( y ) ( t ) and R ( u ) ( t ) are designed so that the Bezout identity is established by two stable operators N : W --+Y and D-1 : U--+W, S ( y )( t ) = ( 1 -K a ) {y ( t ) -C*e--kt
where, Ka is a design constant. Then, the stability of the system is guaranteed by the controllers. Next, the system such as Fig. 2 is designed to make the output y follow the reference input ' 0 . Then, a tracking controller C is designed as follows,
where, KJ and Kp are design parameters. Here, the stability of this system is confirmed. The control system satisfying the Bezout identity can be shown in Fig. 3 . (32) is bounded, the output is bounded. Then the system becomes BIBO stability. Therefore the stability of this system is guaranteed.
Next, the tracking of the system is confirmed. The control system satisfying the Bezout identity can be shown Fig. 4 . 
From (33) and (34), we have
and from (35 ) and (36), we have that
+ C*e-1< t + (Q :
Here, when time t---t oo, the second part on the right side of (36) give smaller effect. Therefore,
That is, the tracking performance of the system is confirmed.
IV. SIMULATION RESULTS
Using the designed controllers (28), (29), and (30), the system is sinmlated by Simulink. A condition is shown in (41), (42). (41) (42) and, the design parameters used in simulation are shown in Table II . First, the system is simulated in case of T = 400°C, T 1 = 710°C (t = 0 min). The parameters used for simulation are shown in Table III and the simulation result is shown in Fig. 5 . (Table Ill) From Fig. 5 , there is a little overshot in the system. However, the system follows a target temperature.
Next, the system is simulated in case of T = 0 °e, Tl = 310 °e (t = 0 min). The parameters used for simulation are shown in Table IV and the simulation result is shown in Fig. 6 . (Table IV) 978- From Fig. 6 , there is a little overshot in the system. However, the system follows a target temperature. By the way, when the plant parameter Tl above 7100e the system don't follow a target temperature. Because the temperature of the main body of the refonner including in the plant parameter T l transfers to the reforming catalyst, it is thought that the temperature of reforming catalyst continues to be heated. As a result, the temperature of reforming catalyst finally equalled the temperature of the plant parameter.
Finaly, the system with a disturbance is performed. The parameters used for simulation and the design parameters are shown in Table V , and the disturbance showing in (43). The simulation result is shown in Fig. 7, Fig. 8 . Here, the disturbance shown as (43) is added to the input in the system. After 75 min when disturbance to input -100 g/min was added to, the process flow is increased shown like Fig. 7 . And, the system follow a target temperature from Fig. 8 . The effectiveness of the system is confinned even at the time of the system with the disturbance. (Table V) V. CONCLUSION In this paper, modeling of the reformer and operator based nonlinear feedback control system including a track ing controller are considered. In other words, the system is performed two stages of control which the controled object is stabilized firstly, and then the tracking controller is designed to the stabilized objected. The effectiveness of the system is confirmed by simulations.
